The relationship between alcohol consumption and metabolic syndrome (MetS) remains controversial. This study investigated the relationship between alcohol consumption and MetS components and prevalence.
Background
In recent years, metabolic syndrome (MetS) has become a major global public health problem around the world [1] . MetS is a complex clustering of metabolic disorders with a combination of components, such as abdominal fat, high blood pressure, elevated triglyceride level, low high-density lipoprotein (HDL) cholesterol levels, and glucose intolerance [2] . Each MetS component is a known risk factor for increased blood vessel occlusion, incidence and mortality of cardiovascular disease, type 2 diabetes mellitus, and stroke [3] [4] [5] [6] [7] .
The global prevalence of MetS is estimated at about 20-25% of adult worldwide [8] . According to the annual Korea National Health and Nutrition Examination Surveys (KNHANES), prevalence of MetS in Korea has increased markedly, from 24 .9% in 1998 to 31.3% in 2007 [9] .
Environmental factors such as low physical activity and unhealthy lifestyle are risk factors for MetS. Alcohol consumption, part of an unhealthy lifestyle, contributes to many health problems. A large population-based study in the United States showed that mild-to-moderate alcohol consumption contributed to increased lipids concentrations, waist circumference, and fasting insulin levels compared to non-drinkers [10] . Increased alcohol consumption has also been reported to contribute to development of hypertension [11] . Furthermore, alcohol consumption was associated with insulin resistance, which is the key pathophysiology of MetS [12] .
In the present study, we evaluated the relationship between alcohol consumption and prevalence of MetS in males and females and the effect on each component of MetS from a community-based cohort study (Ansan and Ansung City, Republic of Korea).
Material and Methods

Subjects
This study analyzed data from the Korean Genome and Epidemiology Study (KoGES), a community-based cohort conducted in 2001-2002 consisting of 10 037 adults. KoGES is the principal cohort study to provide valuable evidence for prevention of chronic diseases such as hypertension, cardiovascular diseases, MetS, chronic obstructive pulmonary disease, osteoporosis, arthritis, and diabetes among Korean adults. Information on KoGES and the methods used were described in a previous study [13] 
Assessment of drinking
We extracted data regarding individual alcohol consumption from the community-based cohort database. Individuals were classified according to alcohol consumption as nondrinkers, very light drinkers (0.1-5.0 g/day), light drinkers (5.1-15.0 g/day), moderate drinkers (15.1-30.0 g/day), or heavy drinkers (>30 g/day). To calculate individual alcohol consumption, total alcohol consumption per day (g/day) was used according to survey questions. There were various alcohol types (4.5% for beer, 13% for wine, 40% for hard liquor, 22% for soju, 15% for chungju, and 6% for makgeolli). Total alcohol consumption was calculated on the basis of the alcohol type, frequency of drinking, and the amount consumed [14] .
MetS criteria
MetS was defined according to the ATP III Guidelines of the National Cholesterol Education Program: abdominal obesity (waist circumference: men >90 cm, women >80 cm), high blood pressure (³130/85 mmHg), high fasting glucose level (³110 mg/dL), hypertriglyceridemia (³150 mg/dL), and low HDL cholesterol level (men <40 mg/dL, women <50 mg/dL). MetS was diagnosed for subjects with at least 3 of these 5 factors [15] .
Statistical analysis
Statistical analysis was performed using a statistical software program (SPSS, Chicago, IL). The t test was used to compare characteristics between the MetS and non-MetS groups. MetS prevalence differences between these groups were analyzed using the chi-square test. Multiple logistic regression analysis was used to examine the association between alcohol consumption and MetS prevalence and its components. Age, sex, hypertension, BMI, and diabetes were adjusted in the analysis. The odds ratios (ORs), 95% confidence intervals (CIs), and P values were calculated. P values <0.05 were considered statistically significant associations.
Results
As shown Table 1 , data were analyzed from a total of 10 037 subjects. In this study population, 6961 subjects were nonMetS (3683 men and 3278 women) and 3076 were MetS (1079 2105 men and 1997 women). The prevalence of MetS in the present study was 30.65% in adult subjects. Waist circumference, BMI, systolic blood pressure, diastolic blood pressure, fasting glucose, total cholesterol, and triglyceride levels in the MetS group were higher than those in the non-MetS group. HDL cholesterol levels in the MetS groups were lower than those in the non-MetS group (Table 1 ). These differences were statistically significant (p<0.0001). There were also significant associations between the non-MetS and MetS groups regarding alcohol consumption status (p<0.0001). (Table 3) .
Finally, we analyzed the relationship between alcohol consumption and components of MetS (abdominal obesity, high blood pressure, high fasting glucose, hypertriglyceridemia, and low HDL cholesterol levels) ( Table 4 . Odds ratios of components of metabolic syndrome (MetS) according to alcohol drinking status in male and female.
OR -odds ratio; CI -confidence interval. The logistic regression was applied. Age, hypertension, BMI, and diabetes were adjusted in logistic regression analysis. Bold numbers indicate significant association.
95% CI=0.64-0.89). Light, moderate, and heavy drinking were associated with high blood pressure, hypertriglyceridemia, high fasting glucose, and low HDL cholesterol levels in men (Table 4) . These results indicate that alcohol consumption >5 g/day in men may contribute to components of MetS. In women, very light, light, moderate, and heavy drinking were associated with low HDL cholesterol levels, and heavy drinkers showed increased high fasting glucose levels. However, very light drinkers had decreased triglyceridemia. These results indicate that alcohol consumption <5 g/day might contribute to prevention of MetS in women.
Discussion
Alcohol can be beneficial or harmful in the human body according to level of alcohol consumption. Alcohol is one of the risk factors influencing the development of MetS. It is suggested that alcohol may influence lipoprotein synthesis, mainly through the decrease of the HDL level and hepatic apolipoproteins class A production. Also, alcohol may induce disturbances of hepatic gluconeogenesis, preventing lactate oxidation to pyruvate in carbohydrate metabolism. These effects of alcohol drinking can lead to development of MetS [16] .
Although several studies reported a relationship alcohol consumption and prevalence of MetS, the association between alcohol consumption and prevalence of MetS remains unclear and controversial [17, 18] . Daily light to moderate alcohol consumption showed an association with lower prevalence of MetS in several studies [10, 19, 20] ; but other studies only showed the association with MetS in women [21, 22] or no significant association between MetS and alcohol consumption [23, 24] .
In the present study, we investigated the relationship between alcohol consumption and MetS and its components in a large population. The overall prevalence of MetS was 30.65% and was lower in men (22.66%) than in women (37.86%). Compared to non-drinkers, the prevalence was decreased in both sexes according to the level of alcohol consumption (light, moderate, and heavy drinkers), except for males who were heavy drinkers. The prevalence among very light drinkers (<5 g/day) was significantly lower than that of the non-drinkers in both males and females. These results indicate that alcohol consumption <5 g/day may be associated with decreased prevalence of MetS.
A cross-sectional study in a Japanese population found that alcohol consumption of more than 40.0 g per day was associated with increased MetS prevalence [17] . They also reported the lowest prevalence in both male and female light drinkers (<22 g/day) and increased prevalence among male very heavy drinkers (>43 g/day) compared to non-drinkers. Light drinkers (<22 g/day) showed significantly decreased triglyceride levels. These results are consistent with the findings of the present study.
Although our findings are in agreement with a previous study, they are also discordant with those of other studies on the relationship between alcohol consumption and MetS. Gigleux et al. reported that moderate alcohol consumption was associated with a more favorable metabolic profile than mild alcohol consumption [25] . Alcohol consumption >40.0 g/day has also been associated with increased prevalence of MetS [17] . However, a study in an elderly Italian population observed no relationship between alcohol consumption and MetS prevalence and incidence [18] .
The present study also evaluated the association between alcohol consumption and the components of MetS. Our results show that alcohol consumption is risk factor for high blood pressure, high fasting glucose levels, hypertriglyceridemia, and low HDL cholesterol levels in men. Current alcohol drinking was associated with increased triglyceride and low HDL cholesterol in men compared to never alcohol drinking, and current alcohol drinking was associated with decreased triglyceride and increased HDL cholesterol in women. In women, alcohol consumption >30 g/day was associated with increased glucose levels and decreased HDL cholesterol. However, alcohol consumption <5 g/day was associated with decreased triglyceride and increased HDL cholesterol compared to non-alcohol consumption. In men, alcohol consumption <5 g/day was also associated with increased HDL cholesterol compared to non-alcohol consumption.
A recent Mendelian randomization study reported that moderate alcohol consumption is associated with lower triglyceride levels [26] . The consumption of 20 g or less of alcohol per day can have a positive effect on triglyceride concentration [27] .
Alcohol consumption has been shown to play a role in plasma lipoprotein metabolism [28] . Moderate alcohol consumption increases serum HDL cholesterol and may decrease the concentration of lipoprotein.
Conclusions
The results of this study suggest that daily consumption of alcohol is both positively and negatively associated with MetS and its components. In both men and women, alcohol consumption 2109 0.1-5.0 g/day was associated with low prevalence of MetS and its component of MetS, including HDL cholesterol. However, alcohol consumption >5 g/day may contribute to abnormalities of MetS, including high glucose and blood pressure, hypertriglyceridemia, and low HLD cholesterol.
Our study has several limitations. First, this analysis utilized data from a cross-sectional study; therefore, the associations between MetS and alcohol consumption require validation in future large-scale longitudinal and other cohort studies. Second, many different confounders of alcohol consumption exist. The pattern of alcohol consumption also differs between males and females and among populations. Third, individual lifestyle and physical activity can also effect the prevalence of MetS. However, the present results may be helpful for prevention of MetS.
